Abstract. Registration of scientific primary data, to make these data citable as a unique piece of work and not only a part of a publication, has always been an important issue. In the context of the project "Publication and Citation of Scientific Primary Data" funded by the German Research Foundation (DFG) the German National Library of Science and Technology (TIB) has become the first registration agency worldwide for scientific primary data. Registration has started for the field of earth science, but will be widened for other subjects in the future. This paper shall give an overview about the technical realization of this important usage field for a digital library.
Motivation
In its 2004 report "Data and information", the International Council for Science (ICSU) [11] strongly recommended a new strategic framework for scientific data and information. On an initiative from a working group from the Committee on Data for Science and Technology (coData) [9] , the German Research Foundation (DFG) [2] has started the project Publication and Citation of Scientific Primary Data as part of the program Information-infrastructure of networkbased scientific-cooperation and digital publication in 2004. Starting with the field of earth science the German National Library of Science and Technology (TIB) is now established as a registration agency for scientific primary data as a member of the International DOI Foundation (IDF).
are registered, the TIB provides a Digital Object Identifier (DOI) as a unique identifier for content objects in the digital environment. DOIs are names assigned to any entity for use on digital networks. They are used to provide current information, including where they (or information about them) can be found on the Internet. Information about a digital object may change over time, including where to find it, but its DOI will remain stable. For more information, we refer to [3] . In cooperation with the German National Library (DDB) every dataset is furthermore registered at the infrastructure of the project EPICUR [8] with a unique URN. Due to the expected large amount of datasets that need to be registered, we have decided to distinguish between citable datasets on the collection level and core datasets usually are data entities of finer granularity. Core datasets receive their identifiers, but their metadata is not included in the library catalogue whereas citable datasets, usually collections of, or publications from core datasets are included in the catalogue with metadata compatible to ISO 690-2 and Dublin Core (DC, see [10] ). The DOI guarantees that these data are generally accessible and are citable inside traditional publications. By this, scientific primary data are not exclusively understood as part of a scientific publication, but have its own identity.
All information about the data is accessible through the online library catalogue of the TIB. The entries are displayed with all relevant metadata and persistent identifiers as links to access the dataset itself (see fig. 1 ). 
Infrastructure
A special infrastructure is needed for flexible registration of DOIs for datasets and migration of meta information into related library catalogues. The key element is a webservice as part of the middleware at the TIB that offers automatic and manual upload of registration information. Figure 2 gives an overview on the components and the possible workflows. 
Webservice
We have choosen the SOAP (Simple Object Access Protocol) webservice standard for the communication between the data providers and the TIB because webservices provide interoperability between various software applications running on disparate platforms and programming languages. This is possible because open standards and protocols are used. Protocols and data formats are XML based, making it easy for developers to comprehend. By utilizing HTTP/HTTPS on the transport layer, web services can work through many common firewall security measures without requiring changes to the firewall filtering rules. This is not the case with RMI or CORBA approaches.
As the STD-DOI webservice is SOAP conformant, data providers can embed the client stub into their middleware by importing the WSDL (WebService Description Language) file into their application server. For the webservice we have identified five different methods:
1. registerCitationDOI -For a citable dataset a DOI and an URN are registered 2. registerDataDOI -A core dataset only receives a DOI 3. transformData2CitationDOI -Upgrade a core dataset to a citable dataset by adding metadata 4. updateCitationDOI -If any part of metadata changes for a citable dataset, a new library record has to be created 5. updateURL -If the URL of a dataset changes, this information has to be stored at the DDB for the URN and the IDF for the DOI resolution
An exerpt of the WSDL-file describing the Webservice can be seen below:
... <wsdl:portType name="CodataWS"> <wsdl:operation name="registerCitationDOI" parameterOrder="xml url"> <wsdl:input message="impl:registerCitationDOIRequest" name="registerCitationDOIRequest"/> <wsdl:output message="impl:registerCitationDOIResponse" name="registerCitationDOIResponse"/> </wsdl:operation> <wsdl:operation name="registerDataDOI" parameterOrder="doi url"> <wsdl:input message="impl:registerDataDOIRequest" name="registerDataDOIRequest"/> <wsdl:output message="impl:registerDataDOIResponse" name="registerDataDOIResponse"/> </wsdl:operation> <wsdl:operation name="transformData2CitationDOI" parameterOrder="xml"> <wsdl:input message="impl:transformData2CitationDOIRequest" name="transformData2CitationDOIRequest"/> <wsdl:output message="impl:transformData2CitationDOIResponse" name="transformData2CitationDOIResponse"/> </wsdl:operation> <wsdl:operation name="updateCitationDOI" parameterOrder="xml"> <wsdl:input message="impl:updateCitationDOIRequest" name="updateCitationDOIRequest"/> <wsdl:output message="impl:updateCitationDOIResponse" name="updateCitationDOIResponse"/> </wsdl:operation> <wsdl:operation name="updateURL" parameterOrder="doi url"> <wsdl:input message="impl:updateURLRequest" name="updateURLRequest"/> <wsdl:output message="impl:updateURLResponse" name="updateURLResponse"/> </wsdl:operation> </wsdl:portType> ...
To prevent unauthorized access of the webservice we have choosen HTTPS as transport layer. In the first approach we have simple username/passwort access restrictions. In the future we want to use client authorization with certificates on the SSL/TLS layer of the HTTPS protocol. Every data provider then gets his own client certificate that can be embedded into the webservices client key store for authorization.
Metadata scheme
We identified a set of metadata elements to describe the bibliographic information of our scientific primary data. Whenever possible, we have tried to use Dublin Core (DC) equivalent metadata elements. The metadata scheme can be found in [6] or at the project's webpage [13] , it includes all information obligatory for the citing of electronic media (ISO 690-2). For inclusion into the library catalogue, however, we had to convert the XML-based metadata into PICAformat. PICA, an acronym for Project for Integrated Catalogue Automation is a cataloguing format based on MARC21 of the Library of Congress. It is used in the Central Library Database of northern Germany (GBV) that is responsible for the cataloguing at the TIB.
The infrastructure at the data providers -example PANGAEA/WDC-MARE
The DOI registration webservice client is embedded into the metadata publishing workflow of PANGAEA (Publishing Network for Geoscientific & Environmental Data [17] ). After inserting or updating a dataset in PANGAEA the import client queues background services which keep the XML metadata repository up to date (see fig. 3 ). 
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OAIster HGF Portal Fig. 3 . The STD-DOI webservice embedded into the PANGAEA middleware structure These background services marshal in a first step the metadata into an internal XML schema. This schema reflects the PANGAEA database structures and is optimized for simple marshalling of database records and transformation into other formats. We have choosen "jAllora" of HiT Software (see [15] ) because of its rich marshalling options for this task. With this software the underlying SYBASE [16] database structure can be easily mapped to a given XML schema.
Because of the relational database structure, a change in one relational item can lead to a change in a lot of XML files. Database update triggers fill the background services queue on changes in these related tables. This keeps the "flat" XML table in synchronization with the relational data.
The internal XML is stored as binary blobs in a database table linked to the datasets. On top of this a full text search engine (SYBASE EFTS) provides fast search access to the metadata. These XML blobs can be transformed into various other schemas with XSLT [14] on the fly:
-ISO 19115 -OGC WebFeatures (for WFS) -Dublin Core (for a OAI-PMH repository) -another internal thumbnail format, which is also stored as binary blob for fast access by the PANGAEA search engine "PangaVista" [18] -STD-DOI for the DOI registration of citable datasets For DOI registration another background service registers all new/updated datasets with the status "published" after a lead time of 30 days at the TIB by the webservice described before as core datasets. The lead time helps preventing inadvertent registration of datasets. During this time other data curators can look after the data and metadata and make changes which resets the lead time to 30 days again.
In PANGAEA all datasets have an unique integer ID from what the DOI is created by prefixing with a static string. The URL of the data ressource is made available through the PANGAEA webserver also by the unique ID embedded into the DOI: After registering the core datasets the data curator can group them into a collection dataset (e.g. all data of a project or all data linked to a single publication) and give them a separate citable DOI. For that the assigned metadata gets transformed by XSLT to the STD-DOI schema from the internal XML file. Nevertheless, it is also possible to choose a single core dataset and make a citable. Due to this workflow the registering of citable PANGAEA datasets is always an upgrade of a previous core dataset (single datafile or collection) to a citable one by adding metadata at the TIB. This is done after a 30 days lead time, too.
The infrastructure at the TIB
The webservice at the TIB receives XML files from the data providers, and starts the registration process:
-The DOI is registered via a java based transmission to the DOI foundation. Fig. 4 . Screenshot of the web interface to the webservice for registration of datasets -For the URN registration a XML file has to be send by e-mail to the DDB.
-The metadata has to be transformed to PICA format and uploaded on a FTP server at the central library database (GBV).
To execute these different tasks, based on a single XML file, we have based the system on Apache Cocoon (see [1])
Cocoon
Cocoon is an XML publishing framework, it was founded in 1999 as an open source project under Apache Software Foundation. Cocoon offers the separation of content, style, logic and management functions in an XML content based web site (see fig. 5 ). This separation allows us to easily change the parts of the architecture or the appearance of the web interface. Since it is initialised by the retrieval of a XML-file, sent to the system by the research institutes, every registration starts a XML based pipeline process (see fig. 6 ). All transactions are based on XML and XSLT files. The eXtensible Stylesheet Language Transformation (XSLT) is a language for transforming XML documents into other XML documents. The origins of XSL are in Cascading Style Sheets (CSS), where a "stylesheet" is used to add formatting to an HTML file. The syntax to use a stylesheet in XSLT is similar to the syntax in CSS.
XSLT stylesheets have a very different function than CSS stylesheets, however. CSS allows you to define the colours, backgrounds, and font-types for an HTML web page. XSLT allows you to transform an XML file into an HTML file or another text-based format.
For a complete description of XSLT we refer to [14].
Converting XML to PICA
As you can see from fig. 2 our system also includes a translation from XML-files to the PICA format. Some example XSLT commands are:
Simple tag values Some PICA entries can easily be derived from XML entries, or combination of XML-entries: The title in PICA (4000) is a combination of the metadata attributes title, publisher, publicationPlace and creator.
